Introduction
The multigene carbonic anhydrase (CA) family in humans is made up of three isozymes, designated CA I, CA II, and CA III Hewett-Emmett et al. 1984) , and there is evidence for two additional CA genes which code for a membrane-bound (Whitney and Briggle 1982; Wistrand 1984 ) and a mitochondrial CA isozyme (Dodgson et al. 1980; Storey et al. 1984) . At present, the chromosomal localization of the human CA genes is limited to the assignment of the CA II gene, CA2, to chromosome 8 . However, there is some indirect evidence (Carter 1972; DeSimone et al. 1973; Eicher et al. 1976 ) that the CA I and CA II genes may be linked in humans. A number of variants of the human CA isozymes, detectable at the protein level, are now known, and some of these have been reported to occur as widespread polymorphisms (Tashian et al. 1980 .
Thirteen genetic markers (some confirmed and some provisional) have been assigned to human chromosome 8 (Meera Khan and Smith 1984) . Of these, electrophoretic polymorphisms have been reported for the protein products of only the carbonic anhydrase II and glutathione reductase genes, CA2 and GSR . Of the four genes on human chromosome 8 for which DNA probes are available [i.e., thyroglobulin (TG) (Van Ommen et al. 1984 ; and the oncogenes c-MOS and c-MYC (Neel et al. 1982; Prakash et al. 1982; DallaFavera et al. 1982; Sakaguchi et al. 1983 )], restriction fragment length polymorphisms (RFLPs) have been reported to be associated with the TG and c-MOS genes (Van Ommen et al. 1984 ; D. Barker and R. L. White, cited by Skolnick et al. 1984) . In the present report, we describe a DNA polymorphism located about lkb (kilobase pair) from the 5' end of the human CA II gene.
Materials and methods

DNA preparation
High molecular weight DNA was prepared by standard techniques (Bell et al. 1981 ) from 10-20ml of heparinized fresh blood or outdated blood obtained from the University of Michigan Hospital Blood Bank. A 3 to 5-fold excess of a particular restriction enzyme (Table 1 ) was used to digest 2-10 gg of DNA under conditions suggested by the supplier for at least 16h. The resulting fragments were separated in either 0.8% or 2% agarose gels and transferred to nitrocellulose paper by the method of Southern (Southern 1975 Southern transfers of the DNA of unrelated individuals digested with the enzymes indicated were hybridized with the human CA II probe (H25-3.8). The lengths of the restriction fragments observed are in kilobase pairs. The aster&ks indicate fragments that varied among the individuals. The number of individuals screened with each enzyme is also shown. The estimate of the number of sites examined assumes that all fragments observed were contiguous
Hybridization probe
A recombinant clone (H25) containing a portion of the human CA II gene was isolated from a human genomic lambda phage library (Lawn et al. 1978 ) provided by Dr. T. Maniatis. The clone was identified by screening the library with a mouse CA II cDNA clone ) constructed by Dr.
P.J. Curtis. A 3.8kb Eco RI fragment present in clone H25
was subcloned in pBR325 (Venta et al. 1984 ) and used as the probe in this study. This fragment contains no repeptitive elements as shown by the presence of a single band on a Southern blot of human genomic DNA cut with Eco RI. Partial sequencing of the subclone, designated H25-3.8, indicates that it contains the first two exons of the human CA II gene (Venta et al. 1984; and unpublished results) .
Hybridization procedures
Prior to hybridization with the probe, which was nick-translated to 5 x 107 -2 x 10Scpm/gg (Maniatis et al. 1982) , the filters were prehybridized in 50% formamide, 5 x SSPE (1 x SSPE = 0.15M NaC1, 10raM NaH2PO4, lmM EDTA, pH 7.4), 100gg/ml denatured salmon sperm DNA, 5xDenhardt's solution (1 x Denhardt's solution = 0.02% bovine serum albumin 0.02% polyvinylpyrrolidone, 0.02% Ficoll), 0.1% SDS (sodium dodecyl sulfate) at 42°C for 6-24h. Hybridization was performed at 42°C for 24-48h with 1-2 x 106cpm/ml of 32p-labeled probe in hybridization solution identical to that used for prehybridization except it also contained 10% dextran sulfate. Filters were washed at 50°~C first in 2 x SSC (0.3M NaC1, 30mM sodium citrate) and 0.1% SDS (a 5min wash, followed by a 15min wash), and then a high stringency wash in 0.1 x SSC and 0.1% SDS (a 30min wash, followed by a 15min wash), blotted dry and autoradiographed on Kodak AR5 X-ray film with intensifying screens (DuPont Cronex Lighting Plus) at -70°C for 1-7 days.
Results and discussion
The DNA from several unrelated individuals was analyzed for polymorphisms with the H25-3.8 probe (as described in Materials and methods) after digestion with restriction enzymes that recognize six-base pair sequences (Eco RI, Xba I, Pst I, BqlI, and Barn HI) as well as four-base pair sequences (Alu I, Hae IIl, Hinf I, Mbo I, Msp I, and Taq I). All the individual DNA samples screened with a particular enzyme, except Taq I, displayed the same banding patterns (Table 1 ). In the case of Taq I, the probe revealed a restriction-site polymorphism with variant bands of 5.4, 4.0, and 1.4kb, and nonpolymorphic bands of 2.1, 0.4, and 0.3kb. Based upon restriction mapping and partial sequencing of H25-3.8, a restriction map of the CA II locus has been constructed (Fig. 1) . The Taq sites bordering the 0.3 and 0.4kb fragments were defined by restriction mapping and sequencing (unpublished data), and one of the sites was found to be present in exon 2. Because the 4.0kb fragment would not be detected if the polymorphic site was located on the 3' side of exon 2, the site must be in the 5' flanking region. The polymorphic site is not present in H25-3.8. An individual homozygous for the absence of the site, -/-, has only the largest (5.4kb) of the three variant bands. However, for an individual who is homozygous for the presence of the site, +/+, the 5.4kb band is absent, and two new bands, 4.0 and 1.4kb, are produced, while for a heterozygote, +/-, all three variant bands are present. The inheritance of this RFLP was ascertained by analyzing the segregation pattern in two white families, one of which (Fig. 2) was informative. The results are consistent with the Mendelian inheritance of the alleles. Twenty-two unrelated individuals were screened for the Taq I polymorphism, and the frequency of the allele containing the Taq I restriction-site was found to be 50%. The other two RFLPs associated with genes on human chromosome 8, i.e., thyroglobulin (TG) and c-MOS have frequencies of the new restriction site of 1.5% and 3%, respectively (van Ommen et al. 1984 ; D. Barker and R. L. White, cited in Skolnick et al. 1984) .
The Taq 1 RFLP at the CA II locus is due to the presence or absence of a Taq I recognition site 1.0kb 5' from the begin-ning of the coding region of the gene. That it is not the result of a rearrangement or an insertion or deletion is supported by the fact that no polymorphism was seen with the other 10 enzymes. The enzymes Taq I (TCGA) and Msp I (CCGG) have been reported to detect RFLPs at a higher rate (Barker et al. 1984 ) than other enzymes because their recognition sequences contain the dinucleotide CpG. However, in this study no polymorphism was detected with Ms 7) I.
The finding of a Taq I polymorphism of high frequency associated with the human CA II gene makes genetic screening of informative families with diseases linked to this polymorphism more feasible. In particular, the recently described inherited deficiency of CA II in erythrocytes which manifests itself clinically as a recessive syndrome of osteopetrosis with renal tubular acidosis and cerebral calcification (Sly et al. 1983 ) can now be subjected to linkage analysis with the Taq I polymorphism, and may subsequently lead to a means for the prenatal diagnosis of this deficiency.
